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SPRING SUPPORTED HOOK
ARRANGEMENT IN A SHED FORMING
DEVICE

BACKGROUND OF THE INVENTION

The mvention relates to a device for shed forming
whereby the position of the heddles for the warp threads in
a weaving machine are individually controlled according to
the open-shed principle. In such a shed-forming device the
heddles for the warp threads can occupy two positions:
Bottom, 1.e. below the welt insertion level, and Top, 1.e.
above the weflt insertion level. It 1s called an open shed when
cach position can be reached or be maintained on every pick.

From the British patent publication GB 2 047 755 a
shed-forming device for a weaving machine 1s known
whereby the arcades are suspended from a pulley element.
Around the wheel of this pulley element a cord 1s passed of
which each extremity i1s connected to a leaf-spring-shaped
hook. Each leat-spring-shaped hook 1s provided on the
bottom part with a nose with which it can rest on a
corresponding lifting knife. The knives are brought two by
two 1n opposite phase 1n an upward and downward move-
ment. The leaf spring hooks are provided on top with a hook
with which 1 a top position they can hook onto a fixed knife
through the influence of an electromagnet which 1s placed
between two leaf springs that work together. The nose of the
bottom part of the leaf-spring-shaped hooks however always
remains 1n the path of the ascending and descending lifting
knives that work together. An unselected hook always
remains on 1ts corresponding lifting knife. The “bottom”

positions for the leaf spring hooks are therefore formed by
the moving lifting knives.

With this existing system the pulley device 1s a great
disadvantage. At high weaving speed the reversing rollers of
the pulley device have to rotate fast backward and forward.
Heat develops through the friction which occurs in the
bearing of the wheel and through slipping of the cord on the
oroove surface of the wheel. The cord must bendingly
unwind onto the reversing roller at high frequency. This cord
1s subject to wear and tear and finally breaks. It also often
occurs that through the dust 1n the weaving area the wheel
will jam, through which the cord prematurely breaks
through severe friction. After a time all pulley elements have
to be preventively replaced when the number of pulley cord
breakages becomes too great and because of this the weav-
ing elfficiency of the weaving installation will decrease. The
replacement of thousands of pulleys per weaving unit is
fime-consuming, requires specialized personnel and because
of this causes an 1ncrease 1n running costs.

EP 0 711 856 describes an attempt at remedying these
disadvantages by operating without any pulley element. This
device however has the disadvantage that a preselection of
the hooks must take place with the implementation of a
small lift at the frequency of the weft insertion frequency. In
other words the selectors and the grids on which these are
mounted must perform an upward and downward movement
during a weft mnsertion cycle. This leads to severe vibrations
at high operating speed of e.g. 1,000/min. Another disad-
vantage 1s that the lifting knives must be provided with
spring catch hooks which drag against the jacquard hooks.

This develops heat and 1s the cause of considerable mechani-
cal loss.

Another attempt according to EP 0 779 384 also has the

intention of being able to operate without pulley element.
The disadvantage of that technique 1s that a two-legged hook
1s required whereby the harness load in each case comes in
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the middle, through which the hooks are eccentrically
loaded. In order to offset this eccentric loading a central
ouiding body has to be provided. This however causes extra
friction through which this device also suffers high mechani-
cal losses. Because of the fact that this solution rests on a
two-legged hook this device takes up rather a lot of room 1n
horizontal plane. The footprint 1s rather large.

Shed-forming devices are also utilized 1n three-position
jacquard machines such as namely those employed with
face-to-face double gripper weaving machines for weaving
jacquard velvet and for weaving multiple pile warp thread
carpets. With a double gripper weaving machine 1n each
welt 1nsertion cycle two welts are simultaneously 1nserted.
This means that the pile warp threads can occupy three
positions:

Bottom: below both welt mnsertion means
Middle: between the two welt insertion means
Top: above both welt 1nsertion means.

It 1s called a three-position open-shed jacquard machine
when each position of the three positions can be reached or
continue to be maintained on every pick or welt 1nsertion
cycle. Three-position open-shed jacquard machines are
implemented by providing two hooks of a two-position
open-shed jacquard machine with a pulley device. The
importance of three-position open-shed jacquard machines
for weaving jacquard velvet and multiple pile warp thread
carpets 1s that pile weave corrections can be applied at the
time of color transitions where this appears necessary in
order to avoid mixed contours and double tufts on the pile
side when using the two-shot weave.

From the French patent publication no. 1.225.173 a three-
position jacquard machine 1s known with open shed for the
middle and bottom position and non-open shed for the top
position. This device makes use of two card-operated hooks
which are connected to each other by a pulley cord, which
runs around the top wheel of a pulley device, and a bottom
pulley cord which 1s secured to a movable grid and 1s
re-routed over the bottom wheel 1n order then to be con-
nected to the harness cord(s) with the other extremity. With
this device the bottom and middle position can be reached or
maintained on every pick, the top position can only be
reached on every second pick. The disadvantage of this
device 1s the use of pulley cords. Through the repeated
passing around and the friction of the cords on the wheels,
the cords are subject to wear and tear through which they
will break. A device also has to be provided in order to move
the bottom pulley grid.

From the French patent publication no. 1.513.410 a three-
position open-shed jacquard machine 1s known which makes
use of two hooks of a two-position open-shed jacquard
machine and one pulley element. The device makes use of
two hooks: this means that for a specific number of cords
with three positions, a double capacity in hooks has to be
installed. The pulley cords are here again the weak element
of the device. With the higher weaving speeds, which are
customary at present, the pulley cords break prematurely.

From the French patent publication no. 2 466 541 a
similar device 1s known, but with a movement reinforcement
built into the pulley device. The disadvantage of this device
1s also here the use of twice the number of hooks and pulley
cords, and the extra reversing roller which 1s necessary for
the movement remnforcement.

From the European patent publication no. 0 399 930 a
device 1s known which makes use of two complementary
hooks, each with 1ts own pulley and one reversing roller in
order to achieve the three-position open shed. With this
pulley device the pulley cords are passed around in two
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planes standing perpendicular to each other through which
the pulley cords break through fatigue and wear and tear of
the fibers 1n the pulley cords. Here two neighboring hooks
are also necessary 1n order to obtain a three-position device.

These known devices all have the disadvantage that the
pulley cords of the pulley device are subject to wear and tear
and that the pulley cords will break, which makes premature
replacement necessary. This problem becomes more serious
with current weaving speeds.

This invention now has the purpose of providing a shed-
forming device which prevents the deficiencies and disad-
vantages of the state-of-the-art, and which 1s suitable for
being used on jacquard devices of different types, namely
two-position open-shed jacquard machines and three-
position open-shed jacquard machines.

SUMMARY OF THE INVENTION

For this purpose the shed-forming device according to the
invention comprises hook elements which are connected to
the heddles for the warp threads, and upward and downward
moving knives to which the hook elements can hook onto,
whereby the hook elements are provided with spring ele-
ments and whereby actuators are provided which can influ-
ence the spring elements 1n order to allow the hook elements
selectively to hook or not hook onto the upward and down-
ward moving knives. According to the invention each hook
clement 1s moreover provided with at least two spring
clements, made at least as double laminated springs, at least
two of the spring legs are provided with hooks, destined to
work together with the moving knives, one or more actuators
are provided on a selector frame of the shed-forming device
which can selectively ifluence the various spring elements,
and retaining hooks are provided for at least a part of the
spring elements 1n a position 1nfluenced by an actuator.

According to one specific embodiment of the invention,
destined for a two-position open-shed jacquard device, each
hook element preferably comprises a supporting element
that 1s provided on both sides with two spring legs of
different lengths, 1n the form of one double spring element
on both sides of the supporting element, whereby each of the
longest legs on both sides of the supporting element is
provided with a hook, destined to work together with a knife
moving in opposite phase on both sides of the hook element,
while each selector frame comprises an actuator 1n order to
influence the spring legs, whereby on both sides of every
hook element a retaining hook 1s provided on or nearby the
actuator which retaining hooks retain the shortest spring legs
in the position mfluenced by the actuator.

According to a further characteristic of the invention the
double spring element can moreover be made 1n the form of
a double laminated spring element or in the form of a double
split spring element.

The problem m this embodiment of the invention 1s
therefore namely solved by providing the device with a
carritage which 1s guided 1n a channel mounted 1n the selector
frame. On this carriage on both sides a double laminated
hook 1s provided. The double laminated hook has a long leg
and a short leg. The entirety of the carriage and both double
laminated complementary hooks 1s for the rest simply called
a hook. The carriage 1s provided with a projection for resting
on a fixed bottom grid when the hook 1s not lifted. Above
this fixed grid are two knives which can be moved upward
and downward 1n opposite phase 1n order to lift the hooks.
These knives each move 1n a different plane. The comple-
mentary hooks are made of a magnetic material such as e.g.
steel. A means 1s provided in order to act on the hooks and
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to make these bend through which these cannot be carried by
the moving knives. This means 1s €.g. an electromagnetic
coill. The electromagnetic coil 1s also provided with a
projecting hook 1n order to be able to hold up the comple-
mentary hook with the short leg 1n its top position.

According to another specific embodiment of the
invention, destined for a three-position open-shed jacquard
device, each hook element preferably comprises a support-
ing element that 1s provided on both sides with at least two
spring legs, in the form of a double laminated, possibly
partially double spring element on both sides of the sup-
porting element, while 1n each case a longer leg of the
double laminated spring element on both sides of the sup-
porting element 1s provided with one hook, destined to work
together with a top knife moving in opposite phase on both
sides of the hook element, while in each case a shorter leg
of the double laminated spring element 1s provided on both
sides of the supporting element with two hooks, destined to
work together at different heights with a bottom knife
moving 1n opposite phase on both sides of the hook element,
whereby each hook element comprises three actuators for
influencing the spring legs in different positions of the hook
clement, and whereby on both sides of each hook element
one or more retaining hooks are provided 1n order to be able
to retain the hook element at selected heights when one or
more of the actuators so influence the spring legs that the
hooks on the corresponding spring legs do not hook onto the
upward and downward moving knives.

The problems in this embodiment of the mvention are
namely therefore solved by no longer using a pulley device
with pulley cords for implementing the three positions. In
order to implement the three positions firstly four knife
systems are provided. The knives move 1n opposite phase
two by two 1n one and the same vertical plane. Secondly a
hook 1s provided which consists of a carriage or a trolley, to
which two complementary hooks are connected. Between
the complementary hooks an intermediate space 1s provided
for the means for acting on the legs of the hook. Each
complementary hook consists of three legs. Thirdly for each
leg of the complementary hook a means 1s provided 1n order
to be able to act on the leg of the hook 1n order to make these
bend. These means are e.g. electromagnetic coils. Fourthly
a holding hook with operating actuator 1s provided 1n order
to hold the hook 1 middle or top position. Fifthly on a
number of legs further hooks are provided at a distance
which takes the removal play into account. The removal play
1s the distance between the top of the knife and bottom of the
hook of each leg of the hook that 1s 1n front of the knife. A
removal play 1s necessary 1n order to be able to remove the
leg from the knife. Finally on the hook carriage a nose 1is
provided with which the hook rests 1n the bottom position on
a fixed bottom grid.

According to a preference of the invention the actuators

are more specifically electromagnetic and/or piezoelectric
actuators.

The characteristics and distinctive features of the
invention, and the operation thereof are further explained
hereafter with reference to the attached drawings which
show four preferred embodiments of the invention. It should
be noted that the specific aspects of these embodiments are
only described as preferred examples of what 1s intended 1n
the scope of the above general specification of the invention,
and must 1n no way be interpreted as a restriction on the
scope of the invention as such and as expressed in the
following claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

In these drawings:

FIGS. 1 through 3: are side views of a shed-forming
device according to the invention, 1n a specific embodiment
for a two-position open-shed jacquard device, shown 1n
different positions of the hook element and of the knives;

FIG. 4: 1s a partial view, partly 1n cross-section, of a
variant of the shed-forming device according to FIGS. 1-3;

FIGS. 5 through 10: are side views, partly 1n cross-
section, of a number of variants of a shed-forming device
according to the invention, in a specific embodiment for a
three-position open-shed jacquard device, shown 1n different
positions of the hook element and of the knives;

FIG. 11: 1s a front view of a hook element for a shed-
forming device according to FIGS. 5-10;

FIG. 12: 1s a front view of a part of the shed-forming
device according to FIGS. 5—11, which shows the position of
two actuators thereon.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIGS. 1-3 a shed-forming device 1s shown, according,
to an embodiment of the invention destined for a two-
position open-shed jacquard device. The pairs of knives m;,
and m, move 1n opposite phase upward and downward over
a lift H. Between these knives 1s a selector with coil S and
a projecting hook. The legs h, and h, with carriage sl move
between these knives. A position whereby the hook rests on
the bottom grid b and the two lifting knives m, and m,, are
in their dead point of lifting, 1s represented 1n FIG. 1. The
complementary hooks h, and h, are with their top 1n front of
coll S. The long legs h, and h, have a hook on the top with
which these can be hooked onto the knives m, or m,. The
short legs h', and h', have a hole or a window opening with
which these short legs can be hooked onto the projecting,
hook on the frame of the coil S.

When according to the pattern to be woven the hook has
to remain below 1n the bottom position on the following
pick, the coil will be triggered, through which the hook h;
1s bent away from the knife m;. In 1ts upward movement the
knife m, will not be able to carry along the hook h,, and the
hook remains 1n the bottom position. In 1ts movement to the
bottom position the knife m, with 1ts underside reaches the
top of the leg h,. In order to make this leg h, veer away a
suitably bevelled form will be given to the bottom of the
knife m, or appropriately the coil S will be triggered again
in order to make the leg h, bend.

When according to the pattern to be woven the hook has
to be on top on the following pick, the coil S will not be
triggered. The leg h, or h, 1s not bent and 1s carried by the
knife m; respectively m, to top position (see FIG. 2). The
other complementary hook also moves upward with the
carriage. The harness cord(s) k hang in the middle of the
carriage. The carriage 1s lifted on one side by the leg h, or
h,: this causes an overturning moment. In order to offset this
overturning moment the carriage 1s provided with wings
which form a sliding set with a channel 1n the selector frame
(see FIG. 2). This channel can be formed by grooves in the
separation wall of the selector frame. The carriage has by
way of an example an I-shaped cross-section (see FIG. 1).
The carriage forms a sliding set with the selector frame. The
ouide can also be formed by a groove 1n the selector frame
(see FIG. 4). In this groove run two wheels which are
attached to the carriage. The guide consists in this case by
way of example of a roller and slot set.
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In order to hold a hook 1 the top position, the coil S will
be triggered, through which the short leg h', or h', with the
window opening 1s hooked onto the projecting hook of the
coll S and through which the hook cannot descend. In order
not to hold the hook on top the coil S will not be triggered,
through which the hook together with the corresponding
knife goes down again. During that descent the hook in the
leg h, will again meet the knife m., and would be engaged
by this knife. In order to prevent this the coil S will be
triggered at that time through which the leg h, 1s removed

from the knife m, (see FIG. 3). The same can be repeated for
the leg h, and the knife m;.

From the preceding specification it 1s seen that each hook
can be held 1n 1ts position or can be moved to the other
second position. The device therefore complies with the
open-shed principle. The device works without pulley cords
and can be built compactly 1n height. Only one selection
clement 1s necessary.

The parts of the complementary hooks can also be located
next to each other 1in the same plane. The entirety of selector
coil S, carriage sl and legs h, and h, can be accommodated
in a cassette or module.

In FIGS. 5-12 a shed-forming device 1s shown, according,
to an embodiment of the invention destined for a three-
position open-shed jacquard device.

In this embodiment of the mnvention the problems are also
solved by no longer using a pulley device with pulley cords
in order to implement the three positions. In order to
implement the three positions firstly four knife systems m,,
m.,, m, and m, are provided. The knives m, and m, and the
knives m, and m, move two by two in one and the same
vertical plane. See FIG. 5. The knives m, and m, perform a
lift equal to (2H) in opposite phase: 1.e. when the knife m,
1s 1n the bottom dead point, then the knife m, 1s in the top
dead point. The knives m; and m, perform a lift equal to (H)
in opposite phase. Secondly a hook 1s provided which
consists of a carriage (sl) or a trolley, to which two comple-
mentary hooks are connected. Between the complementary
hooks an intermediate space 1s provided for the means for
acting on the legs of the hook. Each complementary hook
consists of three legs: a long leg h, and h, each with a hook
on the top, a short leg h; and h, with two hooks, one on the
top and one at a certain distance from the top hook, and a
short holding leg h. and h with two window openings. The
long and short leg work together with their respective knives
m .. Thirdly for each leg of the complementary hook means
S, and S, are provided 1n order to be able to act on the legs
of the hook 1n order to make these bend. These means are
¢.g. electromagnetic coils. Fourthly a holding hook k with
operating actuator S; 1s provided in order to hold the hook
in middle or top position. For that purpose the frame of the
means S, 1s provided with two projecting hooks k. Fifthly on
cach short leg h; and h, a second hook h'; and h', 1s provided
at a distance equal to (H-2xremoval play). The removal play
1s the distance between the top of the knife and bottom of the
hook of each leg of the hook that 1s 1n front of the knife. A
removal play 1s necessary 1n order to be able to remove the
leg from the knife. Finally on the hook carriage a nose 1is
provided with which the hook rests 1n the bottom position on
a fixed bottom grid.

In FIGS. 5-10 the legs of the complementary hooks are
for the sake of simplicity schematically represented with
cach leg situated 1n a different plane. The long leg can
however be situated in one plane and the short legs next to
cach other 1n an adjacent plane, see FIG. 11. The hooks of
the leg h; and h';, respectively h, and h', work through
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window openings 1n the long legs h, and h,. All three of the
legs can also be situated next to each other in the same plane.
The harness cords which lift up the jacquard heddle—not
represented 1n the figures—are attached to the carriage at the
bottom of the hook on a shank. A spring load constantly pulls
the hook downward. The knives serve to lift the hooks
upward or downward against the spring load.

The means for acting on the legs of the complementary

hooks are placed 1n the space provide between the comple-
mentary hooks h,-h,-h. and h,-h,-h.. The means S,, S, and
S; act on one side on the legs h,-h;-h. and on the other side
on the legs h,-h,-h..

In the bottom position the hook rest on the fixed bottom

orid b. In FIG. 5 this position 1s represented with the knives
m, and m, 1n their bottom dead point and with the knives m,

and m, 1n their top dead point. In FIG. 6 the other position
1s represented. These positions are cyclically repeated every
second pick or welt insertion cycle. In FIGS. 7 and 8 the
hook 1s represented 1n the middle position and in FIGS. 9
and 10 1n the top position, 1n each case with the respective
positions of the lifting knives. In FIG. 11 an embodiment of
the hook 1s shown which 1s preferred: each complementary
hook consists of a long wide leg, a short leg and a short
holding leg which lie next to each other 1n an adjacent plane
The hooks of the short leg work through window openings
in the long leg. Every such complementary hook 1s attached
to a carriage or roller trolley 1 order to form one hook.

When a complementary hook is carried along by a knife,
then the harness cord pulls with spring load eccentrically on
the complementary hook: an overturning moment develops.
In order to cancel out this overturning moment just the
carriage 1s now provided with a guide, see FIG. 5 and FIG.

7. The carriage can also be implemented as a roller trolley
with guide, see FIG. 6 and FIG. 9.

The hooks k provided on the coil body of S; serve to hold
the complementary hooks with the holding legs h. and h, 1n
the middle or top position. The hooks k are placed in the path
plane of the holding-up hook h; and h, outside the move-
ment path of the leg h,; and h, 1n order to 1mpede the veering
away of these legs. In FIG. 12 operating actuators S, and S;,
with hook k, are shown 1n front view, 1n an embodiment,

which 1s preferred, for working together with a hook accord-
ing to FIG. 11.

In the place of hooks k a catch system can also be
provided, which 1s operated by an actuator S;. The actuator
S, then makes the catches engage or release. These catches
therefore work 1n openings which are provided 1n the legs.

When according to the prescribed pattern the hook has to
remain at the bottom on a following pick, the coils S, and
S, will be triggered 1n order to make the legs h, respectively
h, bend, so that these cannot be carried by the ascending
knives m, and ms. Instead of coils other means can also be
provided for making the legs bend. The knives m, and mj,
move upward, and the knives m, and m, downward. At the
end of this movement the bottom of the knives m, and m,
will strike against the top of the legs h, and h,. In order to
prevent this the bottom of the knives will be given a bevelled
form, so that the top of the hooks can be mechanically
pressed away by the knives. Also at that time the coils S, and
S, can be suitably triggered again in order to make the legs
veer away, so that the hooks on those legs come out of reach
of the knives. This action will henceforth be referred to as an
avolding action. The hook therefore remains resting on the

bottom grid b and remains 1n the bottom position as repre-
sented 1n FIG. 6.

If the hook on the following pick again has to remain in
the bottom position, then coils S, and S, will be triggered 1n
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order to bend the legs h, and h, away from the knives m,, and
m,. At the end of theirr movement the bottom of the knives
m, and m; will strike against the top of the legs h, and h,.
In order to prevent this the bottom of the knives will be given
a bevelled form, so that the top of the hooks can be
mechanically pressed away. At that time an avoiding action
can also suitably be performed, by triggering the coils S, and
S, 1n order to make the legs bend, so that the hooks of these
legs come out of reach of the knives. The hook therefore
remains resting on the bottom grid b and remains in the

bottom position as represented m FIG. 5.

When a hook according to the prescribed pattern has to
move from the bottom position to the middle position this is
only possible by changing from the position represented in
FIG. § to the position in FIG. 8 or from the position
represented 1n FIG. 6 to the position in FIG. 7, 1n view of the
movement sequence of the knives.

In order to bring a hook from the bottom position,
situation represented 1n FIG. 5, mto the middle position,
represented 1n FIG. 8, coil S, will be triggered 1n order to
hold the top of the leg h, out of reach of knife m,. The hook
will be carried with leg h, by the ascending knife m, over
a lift equal to (H-removal play) to the middle position,
where leg h; remains resting on knife m,. The knives m., and
m, 1n their descending movement meet the tops of the
ascending hooks h,, h, and h',. In order to prevent passing,
strikes the bottom of the knives will be suitably bevelled and
an avolding action will be performed by again triggering the
colls S, and S, at that time. The hook rests with leg h, on
the knife m;, see FIG. 8, and 1n order to be able to remove
leg h, from the knife m,, the second hook h', on the leg h,
will be placed at a distance from the top hook equal to
(H-2xremoval play).

In order to bring a hook from the bottom position,
situation represented in FIG. 6, into the middle position,
situation represented 1n FIG. 7, coil S, will be triggered 1n
order to hold the top of the leg h, out of reach of the knife
m.,. The hook will be carried with leg h, by the ascending
knife m, over a lift equal to (H-removal play) to the middle
position, where the leg h, remains resting on the knife m,.
The knives m, and m, 1n their descending movement meet
the tops of the ascending hooks h,; and h,. In order to prevent
a collision the bottom of the knives will be suitably bevelled
and an avoiding action will be performed by triggering the
colls S, and S, at that time. The hook rests with leg h, on
the knite m,, see FIG. 7, and 1n order to be able to remove
leg h; from the knife m,, the second hook h'; on the leg h,
will be placed at a distance from the top hook equal to
(H-2xremoval play).

The hooks can also be brought from middle position to
bottom position. In order to bring a hook from middle
position, in FIG. 8, to the bottom position, of FIG. 5, coil S,
will be triggered. The hook h', 1s removed from knife m,, the
hook remains resting with the leg h, on the knife m, and will
move down with this knife. The descending hook will meet
the ascending knife m, with leg h, and 1n order to prevent
an engagement an avoiding action will be performed by
triggering coil S, at that time. The hook on leg h, also meets
knife m, and 1 order to prevent an engagement an avoiding
action will also be performed here by again triggering coil
S, at that time. An avoiding action will be performed by
triggering coil S, in order to make h, veer away when knife
m, has to pass by that top with 1ts underside. The hook
comes 1nto the bottom position and rests with 1ts nose on the
bottom grid b.

In order to bring the hook from the middle position, see
FIG. 7, to the bottom position, see FIG. 6, the Coil S, will
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be triggered. The hook h'; 1s removed from the knife m;, the
hook remains resting with the leg h, on the knife m, and will
move downward with this knife. The descending hook will
meet the ascending knife m, with leg h, and 1n order to
prevent an engagement an avoiding action will be performed
by triggering coil S,. The hook of the leg h, also meets knife
m., and 1n order to prevent an engagement an avoiding action
will also be performed here by again triggering coil S,. The
hook comes 1nto bottom position and rests with the nose on
the bottom grid b.

The hook can also remain 1n the middle position. In order
to hold the hook 1n the middle position, from the position of

FIG. 8 to that of FIG. 7, the coil S, will be triggered, through
which the hook h', 1s held out of reach of the knite m,, and
the coil S; will be triggered through which the holding legs
h. and h, will with therr window openings hook onto the
hooks k. The hook descends with knife ms until the holding
legs rest on the hooks k. The hook remains in the middle
position. Knife m, has to pass by the hook of leg h, without
engaging 1t, for that purpose a removal action will be
performed by triggering coil S, at that time in order to
remove the hook of the leg h, from the knife m,. The knives
m, and m, must respectively pass by h;, and h';, for that
purpose an avolding action will be performed by triggering,

the coils S, and S..

In order to hold the hook from the middle position of FIG.
7 1n the middle position of FIG. 8, the coil S, will be

triggered, through which the hook h'; 1s held out of reach of
the knife m,, and the coil S; will be triggered 1n order to
make the holding legs h. and h, hook with their window
openings onto the hooks k. The hook descends with the knife

m, until the holding legs rest on the hooks k. The hook
remains 1n the middle position. The knife m, has to pass by
the hook of leg h, without engaging it, for that purpose a
removal action will be performed by triggering the coil S, at
that time 1n order to remove h, from the knife m,. The
knives m, and m, must respectively pass by h, and h',, for
that purpose an avoiding action will be performed by
triggering the coils S, and S, at that time.

The top position can be reached from every bottom
position. The transitions from the positions represented in
FIG. 5 to those of FIG. 10 and those from FIG. 6 to FIG. 9
and vice versa should be demonstrated. In order to go from
bottom position, as represented 1n FIG. 3, to the top position,
as represented 1n FIG. 10, first no coil will be triggered. The
hook will move with the knife m, over a lift equal to (2H)
upward 1nto the top position. The knife m, has to pass by leg
h,, for that purpose an avoiding action will be performed by
triggering coil S; at that time. The hook h'; has to pass by
the knife m.,, at that time an avoiding action will be
performed by triggering the coil S,. The knife m, has to pass
by h, and h',, for that purpose an avoiding action will be
performed by triggering coil S, at that time. The hook comes
into top position and rests on the knife m;,.

In order to go from bottom position, as represented in
FIG. 6, to the top position, as represented 1n FIG. 9, first no
coll will be triggered. The hook will move with knife m,
over a lift equal to (2H) upward into the top position. The
knife m, has to pass by leg h,, for that purpose an avoiding
action will be performed by triggering coil S, at that time.
The knife m has to pass by leg h, and hook h';, at that time
the coil S, will be triggered 1n order to perform an avoiding
action. The knife m, has to pass by hook h',, for that purpose
the coil S, will be triggered at that time 1n order to perform
an avolding action. The hook 1s now 1n the top position and
rests on knife m,.

In order to go from top position, as represented in FIG. 10,
to the bottom position, as represented 1n FIG. §, the coil S,
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will be triggered, through which the hook h'; 1s removed
from the knife m,. The hook will move with knife m, over
a lift equal to 2h downward into the bottom position. The
knife m, has to pass by the hook of leg h, without engaging
it, for that purpose a removal action will be performed by
triggering coil S, at that time 1n order to remove the hook of
the leg h, from the knife m,. The hook of leg h, has to pass
by the knife m, at that time a removal action will also be
performed by again triggering the coil S,. The hook h', and
hook of leg h, have to pass by the knife m, without
engagement movement, for that purpose a removal action
will be performed by trigeering the coil S, at that time. The
hook comes 1nto the bottom position and now rests on the
bottom grid b.

In order to go from the top position, as represented 1n FIG.
9, to the bottom position, as represented 1in FIG. 6, coil S,
will be triggered, through which the hook h', 1s removed
from the knife m,. The hook will move with knife m, over
a lift equal to (2H) downward into the bottom position. The
hook of the leg h, has to pass by kmife m, without
engagement, for that purpose a removal action will be
performed by triggering coil S, at that time. The hook of leg
h'; and the hook of leg h, has to pass by knife m, without
engagement movement, at that time coil S, will be triggered
in order to perform a removal action. The hook of leg h; has
to pass by the knife m,, at that time a removal action will
also be performed by again triggering the coil S,. The hook
comes 1nto the bottom position and now rests on the bottom

orid b.

The hook can also remain in the top position. In order to
hold the hook 1n top position through transition from the
situations from FIG. 10 to FIG. 9, the coil S; will be
triggered. The holding legs h. and h. will rest on the hooks
k with the window openings which are provided at a distance
equal to (H-2xremoval play) from the top window open-
ings. The hook because of this remains 1n the top position.
In order to hold the hook 1n top position through transition
from FIG. 9 to FIG. 10, the coil S; will be triggered, just as
has been described above. With both transitions no removal
action nor any avoiding action need be performed.

The hook can be brought from the middle position to the
top position and vice versa. In order to come from the middle
position, as represented in FIG. 7, to the top position, as
represented i FIG. 10, no coil will be triggered. The hook
1s carried by the knife m, with the hook h'; over a lift equal
to h and at the end of this lift the knife m, takes the hook up
with the hook of the leg h,. The hook rests with the leg h,
on the knife m, through which between the hook h'; and the
knife m, again a removal play develops. An avoiding action
1s performed for leg h, opposite the knife m, and for the leg
h', and the knife m, by triggering the coils S, respectively
S..

In order to come from the middle position, as represented
in FIG. 8, to the top position, as represented in FIG. 9, no
coll will be triggered. The hook 1s carried by the knife m,
with hook h', over a lift (H) and at the end of this lift the
knife m, takes the hook up with the hook of the leg h,. The
hook rests with the leg h, on the knife m, through which
between the hook h', and the knife m, again a removal play
develops. An avoiding action 1s performed for leg h, oppo-
site the knife m, and for the leg h'; and the knife m; by
triggering the coils S; respectively S..

In order to bring back the hook from the top position, as
represented in FIG. 10, to the middle position, as represented
in FIG. 7, no coil will be triggered. The hook moves with the
knife m, downward, the support 1s transterred by the hook
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h'; to the knife m, through which the hook will perform a
descent (H) with the knife m,. In order to prevent the hook
of the leg h, from being engaged by the knife m,, a removal
action will be performed by triggering the coil S, at that
time. The hook h', may not be engaged by the knife m,, for
that purpose a removal action will be performed by trigger-
ing the coil S, at that time. The hook of the leg h, will finally
hook onto the knife m, through which again the removal
play between the hook h'; and the knite m, develops.

In order to bring back the hook from the top position, as
represented 1n FIG. 9, to the middle position, as represented
in FIG. 8, no co1l will be triggered. The hook moves with the
knife m, downward, the support 1s transterred by the hook
h', to the knife m, through which the hook will perform a
descent equal to (H) with the knife m,. The hook of the leg
h, may not be engaged by the knife m,, for that purpose a
removal action will be performed by triggering the coil S, at
that time. The hook h'; may not be engaged by knife m, for
that purpose a removal action will be performed by trigger-
ing the coil S, at that time. The hook of the leg h; will finally
hook onto the knife m; through which again the removal
play between the hook h', and the knife m, develops.

From the preceding specification it appears that each hook
can be held 1 1ts position or can be moved to both other
positions. The device therefore complies with the open-shed
principle and this in fact for the three positions. The device
works without pulley cords or any pulley.

I claim:

1. Shed-forming device for individually controlling warp
threads of a weaving device comprising heddles for warp
threads, hook elements connected to the heddles, upward
and downward moving knives to which the hook elements
can hook onto, spring elements on the hook elements,
actuators for controlling movement of the spring elements
and allowing the hook elements to selectively hook or not
hook onto the upward and downward moving knives, each
hook element having at least two spring elements formed as
double laminated springs, at least two of the spring elements
having hooks for working together with the knives, at least
one actuator on a selector frame of the shed-forming device
for selectively influencing the spring elements, and at least
one retaining hook for retaining the hook element when one
or more spring elements are nifluenced by an actuator such
that the hooks on the spring legs do not hook onto the
upward and downward moving knives.

2. The device of claim 1, wherein each hook comprises a
supporting element having on both sides at least two spring
legs of different lengths, wherein at least the longest legs on
both sides of the supporting element are provided with a
hook for working together with at least one set of knives
moving 1n opposite phase on both sides of the hook element,
wherein the selector frame comprises at least one actuator
for influencing the spring legs, and at least one retaining
hook 1s provided on both sides of every hook element for
retaining the hook element.

3. The device of claim 1, adapted for a two-position
open-shed jacquard weaving device wherein the supporting
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clement 1s provided on both sides with two spring legs of
different lengths formed as one double spring element on
both sides of the supporting element, each longest leg on
both sides of the supporting element having a hook for
working together with one set of knives moving in opposite
phase on both sides of the hook element, each selector frame
comprising one actuator for influencing the spring legs, and
a retaining hook on both sides of every hook element on or
nearby the actuator for retaining the shortest spring legs in
a position mfluenced by the actuator.

4. The device of claim 1, wherein the supporting element
1s provided on both sides with at least two spring legs, 1n the
form of a double laminated or partially double spring
clement on both sides of the supporting element, a hook on
cach longer leg of the double laminated spring element on
both sides of the supporting element for working together
with a first set of top knives moving 1n opposite phase on
both sides of the hook element, two hooks on each shorter
leg of the double laminated spring element on both sides of
the supporting element for working together at different
heights with a second set of bottom knives moving in
opposite phase on both sides of the hook element, each
selector frame comprises at least three actuators in order to
influence the spring legs 1n different positions of the hook
clement, and a locking mechanism for retaining the hook
clement at selected heights when the actuators influence the
spring legs such that the hooks on the spring legs do not
hook onto the upward and downward moving knives.

5. The device of claim 4, wherein the locking mechanism
comprises one or more retaining hooks on both sides of each
hook element for retaining the hook element at selected
heights when the actuators influence the spring legs.

6. The device of claim 4, wherein the locking mechanism
retains the hook element in a top position and 1n a middle
position.

7. The device of claim 1, wherein the supporting element
consists of a carriage, and further comprising a channel 1n
the selector frame for guiding the carriage.

8. The device of claim 7, wherein the carriage comprises
wings forming a sliding set with the channel 1n the selector
frame for guiding the supporting element.

9. The device of claim 1, wherein the supporting element
consists of a roller trolley running 1n a groove 1n the selector
frame of the shed-forming device, and a roller and slot set
adapted for guiding the supporting element.

10. The device of claim 1, wherein the two spring
clements are formed of a double laminated spring element or
a double split spring element.

11. The device of claam 1, wherein the actuators are
clectromagnetic and piezoelectric actuators.

12. The device of claim 1, wherein the actuators are
clectromagnetic actuators.

13. The device of claim 1, wherein the actuators are
piezoelectric actuators.
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